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Primary research question

• Why does carbon remain in soil?

What prevents soil microbes from 
decomposing more carbon?
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Soil Enzymes

• Produced by microbes to degrade and 
assimilate complex compounds

• First step to convert soil organic matter 
into CO2 and inorganic nutrients

• Can affect soil carbon sequestration and 
CO2 release



Enzymes and their functions

Degrades ligninPolyphenol oxidase

Degrades celluloseCellobiohydrolase

Degrades celluloseBeta-glucosidase

Releases chitin 
monomers

Chitinase

Releases amino acidsProtease

Releases PO4
3-Phosphatase

FunctionEnzyme



Freeman et al., 2001



Questions for ANL work

• Where is carbon located within the 
soil?

• Are enzymes excluded from 
aggregates and old carbon pools?

• How do enzymes change across 
restoration chronosequence?



CONCEPTUAL DIAGRAM OF AGGREGATE HIERARCHY
From Jastrow and Miller, 1998, In Soil Processes and the Carbon Cycle, CRC Press.
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Fractionation of Soil Organic Matter Based on Aggregate Hierarchy

Non-aggregated (NA)
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fractionation

Physical fractionation

Based on increasing disruptive energies
Yields resistant and 
more labile fractions

J.D. Jastrow, Argonne National Laboratory
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Predictions

Lowest enzyme activityClay
(201 yr)

Low enzyme activitySilt
(74 yr)

Physically shielded, below-average 
enzyme activity

Microaggregates
(79 yr)

Includes some light organic matter; 
above average enzyme activity

Macroaggregates
(51 yr)

Accessible substrates, high microbial 
activity, high enzyme activity

Light organic matter
(6-31 yr)

PredictionFraction
(Age)



Experimental Design
Separation
Enzyme activities

Planted pasture
Composite

Restored prairie Native prairieAgricultural

Increasing soil C and aggregation





Macroaggregates increase over time
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More C in native prairie soils
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Highest C concentration in POM
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C-degrading enzymes are localized near their substrates
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Polyphenoloxidase is localized in clay fraction
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Nutrient enzymes produced across all fractions
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Enzyme turnover versus production
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Enzyme turnover versus production
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Concluding thoughts

• High production of specific enzymes on 
organic substrates

• Aggregates contain enzymes

• Substantial activity in old C fractions: 
conundrum?

• ‘Two pool’ model of enzyme activity?
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Reasons for increasing C 
with restoration

• Increased/different C inputs

• Spatial isolation of enzymes and substrates

• Not a reduction in enzyme production or 
activity

• Importance of physical mechanisms
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